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The eﬀect of preoperative 18F-FDG PET on the surgical
decision in early breast cancer: 5-Year follow-up
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Objective: The diagnosis, treatment, and management of the breast cancer (BC) require a multidisciplinary approach. In newly diagnosed BC, uorine-18- uorodeoxyglucose positron emission tomography
(18F-FDG PET) can detect extra-axillary regional nodal and distant lesions. Subjects and Methods: Between 2010 and 2015, this study included 101 patients with early-stage BC who were examined with 18FFDG PET before surgery. Patients were divided into two groups: Group 1 consisted of patients with suspected 18F-FDG uptake and Group 2 with the remaining 18F-FDG-negative patients. Di erences between
these groups were tested using the Pearson chi-square test, Fisher's exact test, Mann Whitney-U test, independent t-test and ROC analysis. They could be followed-up after 2015 for 5 years. All patients were then
rediscussed either neoadjuvant therapy or surgery in the oncology board in 2020 with changing neoadjuvant criteria and oncoplastic surgery techniques. Results: Fluorine-18-FDG PET was found to have a sensitivity of 77.8% and a speci city of 90.8% in detecting axillary lymph node metastasis. During the minimum
5-year follow-up, one patient had bone metastasis, 2 patients had a local recurrence, and 3 patients had
metastatic lymph nodes in the axilla. In the re-evaluation of the same patients over 5 years, the decrease in
mastectomy decision was remarkable (P-value 0.01). Conclusion: We observed that we could not achieve
a signi cant di erence in 5-year metastasis/recurrence between the groups. Moreover, due to 18F-FDG
PET high false positivity, it signi cantly extended the time to surgery (P-value 0.01). In early-stage BC, 18FFDG PET demonstrated better performance in axillary lymph nodes metastases detection in comparison
with other diagnostic imaging methods, even if SLNB remains the gold standard technique.
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reast cancer (BC) is the most common form of cancer among women worldwide
and the most common cause of cancer-related deaths as well. It is noteworthy
that the incidence of BC has increased from past to present, while cancer-related
deaths have gradually decreased [1]. As a result, it has been observed that each year the
newly diagnosed BC cases are on average 3.6% more, compared with the year before [2].
The diagnosis, treatment, and management of disease require a multidisciplinary approach. Imaging methods such as mammography (MMG), ultrasonography (USG), magnetic resonance imaging (MRI), uorine-18- uorodeoxyglucose positron emission tomography (18F-FDG PET), and bone scintigraphy are used in the diagnosis of BC [3].
In the newly diagnosed BC cases, 18F-FDG PET can detect extra-axillary regional nodal
and distant lesions. However, the role of 18F-FDG PET in assessing nodal staging is uncertain due to its variable sensitivity and speci city values [4, 5].
Treatment decision of patients with BC is a ected by many factors. The age of the patient, tumour size, hormone status, multicentricity, family history, and size of the patient's
breast are among these factors [6, 7]. Our knowledge and BC guidelines change over time. More minimal conservative procedures are desired with developing chemotrophic
drugs, imaging techniques, and surgical methods [8, 9]. However, the increase in mastectomy rates in the literature is remarkable [10]. While axillary dissection was performed 5 years ago in BC patients with axillary metastasis, neoadjuvant chemotherapy is
currently recommended [11, 12]. In studies conducted in the last decade, axillary dissection rates decrease after neoadjuvant chemotherapy in patients with axillary metastasis. It has become more important to detect axillary lymph node (LN) metastasis in early stage breast cancer to reduce the morbidity of patients [10].
Although 18F-FDG PET is not recommended for early stage BC, it could detect axillary
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LN metastasis with higher speci city and sensitivity than all
18
radiological imaging methods [4, 13, 14]. Therefore, the FFDG PET result has become more valuable before the surgical
decision than in the past, for evaluating both BC mass and its
relationship to metastatic axillary LN [15, 16].
In our study, we evaluated the e ect of preoperative 18FFDG PET imaging on our surgical decision, in terms of local
recurrence or metastasis. In addition, we examined if surgical
decisions have changed over the past 5 years.

they have no competing nancial interests, and they do not
have any con ict of interest.

Subjects and Methods
Patients who applied to the breast diseases outpatient clinic
between 2010 and 2015 were retrospectively examined.
18
Those who were examined with F-FDG PET, USG, MMG,
and MRI before surgery were found. All of the patients were
diagnosed by biopsy. Patients were staged radiologically according to TNM classi cation. Patients with early-stage BC
(stage I-II) were included in the study.
Fluorine-18-FDG PET results of the patients were examined. Patients were divided into two groups: Group 1 consisted of patients with suspected 18F-FDG uptake, Group 2 consisted of the remaining 18F-FDG-negative patients. We used
the cut-o value of maximum standard zed uptake value
(SUVmax) as 4.0 for suspicious lesions in 18F-FDG PET [17, 18].
Patients of group 1 were re-evaluated with additional methods (bone scintigraphy, computer tomography and biopsy)
for metastasis. After the examination, patients with metastases were referred to neoadjuvant chemotherapy and the
patients without metastases were reserved for surgery (Figure 1). All of the patients were reassessed by the oncology
team, which consisted of a general surgeon, radiologist, oncologist, pathologist, radiation oncologist, and nuclear me18
dicine sta in 2020. First of all, the F-FDG PET results were
hidden from the board and the patients were evaluated. Af18
terward, the F-FDG PET results were reported and the decisions were revised.
The patients' les contained data including the American
Society of Anaesthesiologists (ASA) grade, body mass index
(BMI), age, gender, additional diseases, and type of surgery
results. The patients' follow-up continued for at least 5 years.
Histological diagnosis, tumour size, hormone receptor status, surgical margin positivity, and axillary node status were
obtained from pathology reports. Chemotherapy and radiotherapy treatments were questioned. All information was
transferred to the computer system. Patients were invited to
general surgery outpatient clinic, and were examined with
USG at 6-month intervals and 1-year MMG and 18F-FDG PET.
The patients who failed to come to their follow-up appointments were interviewed by phone. Patients diagnosed with
advanced BC before 18F-FDG PET, patients who could not be
reached during their follow-up, and patients who died due
to BC were excluded from the study.
All procedures performed in this study involving human
participants were in accordance with the 1964 Helsinki declaration and its later amendments or comparable ethical
standards. Informed consent was obtained from all individual participants of the study. The authors also declare that
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Figure 1. Patients who received 18F-FDG PET preoperatively between 2010 and
2015 were found. Those with early-stage breast cancer were included in the study.
The patients were followed up for 5 years. The study was completed in 2020, with
82 patients who continue their follow-up and/or can be reached by phone. Metastasis/recurrence was observed in 6 patients.

Descriptive statistics were used to present the demographic characteristics of the study population. Di erences between the two groups were tested using the Pearson chi-square test or Fisher's exact test for categorical variables, and
Mann Whitney-U test or independent t-test for continuous
variables. Receiver operating characteristic (ROC) analysis
was performed to calculate the sensitivity and speci city va18
lues of F-FDG PET in relation to axillary LN metastasis
detection. All analyses were performed using IBM SPSS Statistics version 23.0 (IBM Corp, Armonk, NY, USA). A P-value <0.05
was considered statistically signi cant.

Institution review board (IRB) number
There is ethical approval from the Cerrahpasa-Istanbul
University ethics committee (Ref. Nr: 2016-396164).

Results
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It was determined that 218 patients diagnosed with BC we18
re scanned with USG, MRI, MMG, and F-FDG PET methods
between 2010 and 2015. One hundred and seventeen patients with advanced BC were excluded from the study. The
beginning of the study started with 101 patients.
The doctors were not apprised about the 18F-FDG PET results of the patients. In the oncological committee, the les
of the patients were re-evaluated with the current information of 2020. It was decided to perform breast-conserving
surgery in 63 patients and mastectomy in 30 patients. Eight
patients were considered to take neoadjuvant chemotherapy. Fluorine-18-FDG PET results and additional imaging
were submitted to the oncology board and the patients were re-evaluated. Sixty one patients had breast preservation
surgery, while 28 patients had mastectomy. Twelve patients
were planned to receive neoadjuvant chemotherapy. There
was not statistically signi cant di erence between the sur-

18

gical decisions based on F-FDG PET results and surgical de18
cisions without F-FDG PET results (P-value 0.95).
However, after re-evaluating the same patients with the
updated information and oncoplastic surgery techniques
over the past 5 years, we can see that there is a remarkable
decrease in mastectomy numbers (P-value 0.01), indepen18
dently from F-FDG PET results (Table 1).
Sentinel lymph node biopsy was accepted as the gold
standard for lymph node metastasis [13]. Fluorine-18-FDG
PET was found to have 77.8% sensitivity and 90.8% speci city in detecting axillary lymph node metastasis and the positive predictive value was 82.4%, while the negative predictive value was determined as 88.1%. The comparison of the
18
sensitivity and speci city of MRI, USG, and F-FDG PET in
nding axillary lymph node metastasis and sentinel lymph
node biopsy can be seen in Figure 2.

Table 1. When comparing the council decisions between 2015 and 2020, there was a statistically signi cant di erence (P-value 0.01). There was no
statistically signi cant di erence in which 18F-FDG PET results were evaluated by hiding and explaining from the oncological council (P-value 0.95).

2010-2015 Decisions

2020 Decisions

Before 18F-FDG PET

After 18F-FDG PET

Before 18F-FDG PET

After 18F-FDG PET

Breast conserving
surgery

60 (59,4%)

59 (58,4%)

63 (62,4%)

61 (60,4%)

Mastectomy

41 (40,6%)

40 (39,6%)

30 (29,7%)

28 (27,7%)

Axillar dissection

16 (14,9%)

15 (14,9%)

8 (7,9%)

4 (4%)

SLNB*

85 (84,2%)

84 (83,1%)

85 (84,2%)

85 (84,2%)

0

2 (2%)

8 (7,9%)

12 (11,9%)

Neoadjuvant
chemotherapy
*SLNB: sentinel lymph node biopsy

Figure 2. Condition of suspicious lymph nodes seen on 18F-FDG PET, MRI and USG examinations compared with sentinel lymph node biopsies. Sensitivity and speci city
of 18F-FDG PET, MRI and USG were calculated.
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After the preoperative F-FDG PET examination, suspicious 18F-FDG uptake was observed in 18 patients localized:
12 in the lung, 1 in the skull soft tissue (Figure 3), 2 in the thyroid, 1 in the humerus, 1 in the mediastinal lymph node and
2 in the stomach. Additional examinations (USG, bone scintigraphy, computed tomography, MRI, endoscopy and bi18
opsy) were performed to clarify patients with suspected FFDG uptake.
Bone metastasis was detected in 1 patient and mediastinal LN metastasis in 1 di erent patient. Also, 1 patient was
diagnosed with lymphoma and was excluded from the study. The patients with mediastinal LN and bone metastasis
were directed to neoadjuvant chemotherapy.
18
The intervals between F-FDG PET and the operation were evaluated. It was observed that there were 46.5 (±53.53)
days in Group 1 and 17.8 (±10.75) days in Group 2. There was
28.7 days di erence between the two groups. The comparison of the time between the 18F-FDG PET and the surgery
date suggests that the operation time was signi cantly extended due to the false positivity (P-value 0.01). In particular, the time taken for additional examinations had an impact on the treatment of the patients.
The patients were followed up for an average of 87 (±13.21)
months. Five patients from Group 1, and 14 patients from
Group 2 were excluded from the study because they could
not be reached during this follow-up period (missing data
and death from causes other than BC or its e ects). The study
proceeded with the remaining 82 patients.
The mean age of the patients was 59.3 (±13.16), and the
mean BMI was 31.9 (±5.15). It was observed that there were
7 patients with ASA score 1, 39 patients with 2, and 36 patients with 3. There was no di erence between BC breast's
sides. Bilateral BC was observed in 2 patients. Cancer tissue

was most common in the upper outer quadrant. Multicentric BC was seen in 10 patients. Invasive ductal carcinoma
was the most common tumour type in both groups. Luminal
A tumours were most common. The mean tumour size was
22.4 (±25.16) mm (Table 2).
Statistically, there was no signi cant di erence between
Group 1 and Group 2 regarding age, ASA score, BMI, comorbidities, cancerous breast, BIRADS, histological diagnosis,
hormonal subgroup, tumor size, histological grade.
During the 5-year follow-up, 1 patient had bone metastasis, 2 patients had local recurrent tumor, and 3 patients had
metastatic LN in the axilla, where 2 patients belonged to
Group 1 and 4 patients to Group 2. Lymph nodes were con rmed by biopsy. These patients were re-operated. In group 1,
LN metastasis in the axilla was observed after 34th months,
and bone metastasis after 24th months. In Group 2, LN mest
th
tastasis was seen in the axillary at 21 and 38 months, and
rd
th
recurrence in the breast at 43 and 56 months (Table 3).
There was no statistically signi cant di erence between
the follow-up time (P-value 0.915) and the number of metastases/recurrences seen (P-value 0.177).

D scuss on
In literature, there are many studies on BC and 18F-FDG PET
for the characterization of primary tumors, LN staging, and
the post-surgery, chemotherapy, and/or external radiotherapy patient follow-up [19-21]. However, a study that exami18
ned the e ect of F-FDG PET on surgical decision-making
and proceeded with a 5- year follow-up is new. Also, during

Figure 3. Fluorine-18-FDG PET in a patient with breast cancer. Fluorine-18-FDG uptake (SUVmax 8.2) in the LN in the left axilla in the coronal (A) and axial (C) planes; 18FFDG uptake (SUVmax 12.6) in the skull soft tissue (B, arrow). An infected cyst was detected by the additional USG in the skull area. Conversely, the metastasis of the axillary LN was proven by SLNB in surgery.
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Table 2. Demographic data of patients, ASA grades, BIRADS, tumour localization, histological types and grades, multicentric, tumour sizes,
hormones subgroups.

Group 1

Group 2

Total

13

69

82

13 (100%)

69 (100%)

82 (100%)

59,8 (±12,5)

59,2 (±13,36)

59,3 (±13,16)

I

0 (0%)

7 (10,1%)

7 (8,5%)

II

9 (69,2%)

30 (43,5%)

39 (47,6%)

III

4 (30,8%)

32 (46,4%)

36 (43,9%)

32,4 (±5,99)

31,8 (±5,03)

31,9 (±5,15)

0.744

DM

3 (23,1%)

10 (14,5%)

13 (15,9%)

0.456

HT

2 (15,4%)

8 (11,6%)

10 (12,2%)

0.709

COPD/Asthma

0 (0%)

2 (2,9%)

2 (2,4%)

0.403

Malignancy

0 (0%)

2 (2,9%)

2 (2,4%)

0.403

2 (15,4%)

15 (21,7%)

17 (20,7%)

0.593

7/6/0

34 / 33 / 2

41 / 39 / 2

0.69

3,3 (±2,05)

3,7 (±1,76)

3,7 (±1,8)

0.506

UOQ

8 (61,5%)

27 (39,1%)

35 (42,7%)

LOQ

3 (23,1%)

7 (10,1%)

10 (12,2%)

UIQ

1 (7,7%)

18 (26,1%)

19 (23,2%)

LIQ

1 (7,7%)

8 (11,6%)

9 (11%)

PA

0 (0%)

9 (13%)

9 (11%)

N

P-value

Gender
Female
Age (year)

0.884

ASA*

BMI (kg/m2)**

0.178

Comorbidity†

Others
Breast‡
R/L/B

BIRADS††
The localization of Tumor††

0.101

(Continued)
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Histological Type‡‡

IDC

7 (53,8%)

50 (72,5%)

57 (69,5%)

ILC

2 (15,4%)

6 (8,7%)

8 (9,8%)
0.627

Mixed

3 (23,1%)

9 (13%)

12 (14,6%)

Others

1 (7,7%)

4 (5,8%)

5 (6,1%)

Multicentric

3 (23,1%)

7 (10,1%)

10 (12,2%)

0.074

Tumor size (mm)

23,9 (±8,61)

22,2 (±9,57)

22,5 (±9,4)

0.535

Histological Grade

2,5 (±0,88)

2,4 (±0,55)

2,4 (±0,61)

0.175

Luminal A

9 (69,2%)

41 (59,4%)

50 (61%)

Luminal B

1 (7,7%)

12 (17,4%)

13 (15,9%)

Triple Negative

1 (7,7%)

12 (17,4%)

13 (15,9%)

HER-2 positive

2 (15,4%)

4 (5,8%)

6 (7,3%)

Hormones

0.419

Age, BMI, BIRADS, Tumour size, histological grade (n, Mean±SD), Gender, ASA, comorbidity, Tumour localization, histological Type, multicentric, Hormones
subgroup (n/ %)
*ASA: American Society of Anaesthesiologists grade **BMI: Body mass index DM: Diabetes Mellitus, HT: Hyper tension, COPD: Chronic obstructive
pulmonary disease, Malignancy includes Lymphoma and gastric cancer, Others include thyroid, familial Mediterranean fever, R: Right, L: left, B: bilateral
The Breast Imaging Report and Data System UOQ: Upper outer quadrant, LOQ: Lower outer quadrant, UIQ: Upper inner quadrant, LIQ: Lower inner
quadrant, PA: Periareolar quadrant IDC: Invasive Ductal carcinoma, ILC: Invasive lobular carcinoma, Others includes squamous cancer, neuroendocrine
tumor, papillary carcinoma

these 5 years the continuously changing and developing
medical knowledge were taken into account with the surgical preference.
Fluorine-18-FDG PET was found to be superior to MRI and
computed tomography in detecting cancer and organ metastases in a single session [22]. Especially, it has an important role in the evaluation and staging advanced BC [23].
Few publications show that it can be used in axillary LN evaluation in early-stage BC [19].
Current evidence does not support the use of 18F-FDG PET
for staging locoregional disease because of its limited sensitivity compared to the gold standard sentinel LN biopsy
(SLNB) and axillary LN dissection [24]. However, the superi18
ority of F-FDG PET in detecting axillary LN metastasis compared to other radiological imaging (USG, MRI) was found to
be consistent with other studies in the literature [4, 13, 14].
Hubner et al. (2000) reported a 18F-FDG PET sensitivity and
speci city of 96% and 91%, respectively [25]. Contrary, there
are other publications where the superiority of MRI is seen
[26]. In our study, the 18F-FDG PET speci city was found to be
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90.8% in detecting the axillary LN metastasis, and superior
compared to USG and MRI.
Among women with TNM stage I and II, there is limited
evidence for the e ect of prolonged waiting to a ect survival and lead to disease progression [27]. The average waiting time for primary surgery was 24 days (maximum 62 days) and was signi cantly a ected by the hospital volume
with additional imaging and diagnostic biopsies [28]. It is a
18
common belief in many studies that F-FDG PET prolongs
the time to surgery due to its high false positivity rate [2933].
In the study of Chung et al. (2006) [18], it was seen that the
lowest false positive value was reached when the SUVmax
cut-o value was taken as 4.0 in BC. For this reason, we chose
the SUVmax cut-o value as 4.0 in our study. Our breast and
axillary lymph node results were consistent with Chung's
study. We found high false positivity in distant organ metastasis (15 patients). Fluorine-18-FDG uptake varies according
to tissue type. However, the SUVmax value of 4.0 is su cient
to cast doubt on all tissue types. The most important reason
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Table 3. Time between 18F-FDG PET and surgery, follow-up time, axillary metastasis, number of breast recurrence and distant metastases and development time after surgery. Comparing the time between 18F-FDG PET and the date of surgery shows that the operation time is signi cantly extended in Group 1 P-value 0.01).

Group 1

Group 2

Total

P-value

Time 18F-FDG PET to Operation (days)

46,5 (±53,53)

17,8 (±10,75)

22,4 (±25,16)

0.01

Follow-up time (months)

86,6 (±13,91)

87,1 (±13,18)

87 (±13,21)

0.915

Axillary

1 (7,7%)

2 (2,9%)

3 (3.7%)

Breast

n/a

2 (2,9%)

2 (2.4%)

Bone

1 (7,7%)

n/a

1 (1.2%)

Axillary

34

21,38

31 (±8.89)

Breast

n/a

43,56

49.5 (±9.19)

Bone

24

n/a

24

Metastasis or Recurrence (n)

0.177

Time to Metastasis or Recurrence (months)

18

for high false positivity may be suspected F-FDG uptake in
infections, trauma and benign lesions [17, 18]. In many instances, these false-positive lesions can be di erentiated
from cancer by correlation with characteristic imaging appearances on conventional breast imaging modalities and
by biopsy for tissue diagnosis when needed. However, additional procedures increased the duration of the patient's
18
treatment. In our study, we saw that F-FDG PET signi cantly delayed the time to surgery due to their high false
positivity. On average there was 28.7 days delay in patients'
surgery dates.
Changes in mastectomy rates are still confusing in literature. Studies are suggesting that the mastectomy rates are
increasing with the changes by age in BC incidence and the
widespread use of implants. However, there are centers with
reduced mastectomy rates [34]. While these studies were
conducted with di erent patients, distinctively our study
re-evaluates the same patients. In the last 5 years, there are
many publications in the literature showing that the rates of
neoadjuvant chemotherapy have increased [35, 36]. In our
study, patients were re-assessed with changing neoadjuvant chemotherapy criteria and oncoplastic surgery techniques over 5 years. We have seen that patients reserved for
mastectomy or axillary dissection were rather directed towards neoadjuvant therapy especially for axillary downstaging.
Fluorine-18-FDG PET is seen as an extra cost for early
stage BC, as has been proven in many publications [13, 24,
18
31, 32]. Also, our results demonstrated that F-FDG PET did
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not impact on surgical decision strategy, even if it is found to
be superior compared to other diagnostic imaging methods (USG and MRI) in axillary lymph node metastases detection.
The most important limitation of our study is that it is a
retrospective study. In addition, it was studied with a small
sample group. Another important limitation is that patients
are not classi ed according to biological characteristics.
In conclusion, there was no signi cant di erence in a 5year metastasis/recurrence in early-stage BC with preopera18
tive positive F-FDG PET or not. Due to its high false positivity rate, it signi cantly extended the time to surgery.
However, 18F-FDG PET is found to be superior compared to
other radiological methods in axillary LN metastasis detection.
Although it is unthinkable to give up sentinel LN biopsy
today, further studies on a larger sample size, are needed in
18
order to consider in the future F-FDG PET as a non-invasive
pre-operative imaging method in early BC patients.
The authors declare that they have not con icts of interest.
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